The fork head domain-containing gene family (Fox) comprises over 20 members in mammals and is defined by a conserved 110 aminoacid motif containing a winged helix structure DNA-binding domain. The members of this gene family have been implicated as key regulators of embryogenesis, cell cycling, cell lineage restriction and cancer. The Foxn2 gene (Ches1) is expressed in postgastrulation embryos in multiple tissues that serve as important signaling centers as well as end-stage-differentiated cell types that arise from different germ layers of the developing embryo. The dynamic and specific expression of Foxn2 during embryonic development suggest multiple independent roles for Foxn2 function during gestation. q
Results and discussion
In Drosophila, the fork head gene fkh has been shown to play a critical role in terminal patterning of the embryo, as fkh mutants show defects in salivary glands, endodermal and ectodermal portions of the gut, yolk cells and the nervous system (Weigel and Jackle, 1990; Weigel et al., 1989) .
No expression of murine Foxn2 (Ches1) (Pati et al., 1997 ) was observed prior to E9.5. Late E9.5 embryos (25-27 somites) showed the earliest expression of Foxn2 in the distal cells of the forelimb bud, which would eventually give rise to the apical ectodermal ridge (AER) (arrowhead, Fig. 1A ). At E10.5, the expression of Foxn2 was detectable in the olfactory pit (Fig. 1B, F) as well as the forelimb and hindlimb AER (Fig. 1B-D) . Within the tail region, Foxn2 expression was observed in the presomitic mesoderm that was about to undergo somitic segmentation, as well as the rostral half of the most recently formed somites and the caudal tip of the closed neural tube (Fig. 1E) . Expression of Foxn2 in the rostral portion of older (more anterior) somites decreased rapidly to background levels by the third most recently formed somite at that stage and at later stages (E11.5-E12.5) of development (arrowheads, Fig. 1E , J, M). By E11.0, expression of Foxn2 was detectable in the second branchial arch, as well as the maxillary and mandibular portions of the first branchial arch ( Fig. 1G ) with strongest expression in the intervening maxillary/mandibular cleft. The expression of Foxn2 continued in all the tissues through E11.5; but by E12.5, significant levels of Foxn2 expression were only observed in the mesenchyme of the rostral nasopharynx (arrowhead, Fig. 1L ) and base of the cranial vault (arrow, Fig. 1L ), caudal somites (Fig. 1M ) and the ventral lateral portion (arrows, Fig. 1N ) of the neural tube overlying the region of the future motor column, as well as weak but detectable expression in the dorsal root ganglia (DRG) and a layer of cells lateral to the ventricular zone (arrowhead, Fig. 1N ). During subsequent stages of embryogenesis, Foxn2 expression decreased to background levels. Foxn2 transcript distribution was compared with other developmental control genes with extensive overlapping expression domains (Fig. 2) .
Brief methods
Foxn2 cDNAs were identified following an NCBI search for mouse expressed sequence tags (ESTs) corresponding to the mouse Foxn2/Ches1 gene (Pati et al., 1997) . Several independent ESTs were isolated and the cDNA inserts were DNA sequenced to verify identity. Two independent Foxn2 cDNAs with different inserts were employed in this analysis and gave identical results. In situ hybridization experiments on E8.5-E16.5 paraffin-embedded sections were performed as previously described (Wang et al., 2001) . Noon of the plug date was designated as E0.5. Non-radioactive wholemount in-situ hybridization experiments were performed on embryos collected between E8.5 and E14.5, as previously described (Robledo et al., 2002; Tribioli et al., 1997) . The homeobox genes Msx1 (B), Msx2 (C) and Dlx5 as well as the growth factor Fgf8 (E) have significant spatiotemporal overlap with Foxn2 in the developing AER and craniofacial region (branchial arches and olfactory pit). The homeobox genes Prx1 (G) and Prx2 (H) overlap with Foxn2 in the branchial arches as does the basic-helix-loop-helix gene Dhand (F); however, the expression of these three markers in the limb is not restricted to the AER like Foxn2. The expression of Patched (I), a component of the Shh signaling pathway has a broad expression domain which overlaps with Foxn2 in all the tissues.
